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ABSTRACT

Hydrogen phthalate esters of tert-amyl alcohol,
1-methyleyolopentanol, 1-methylcyolohexanol, 1-methylcycloheptanol, trans-1 ,2-dimethyloyolohexanol and 2-methyl-1-phenylcyolohexanol have been prepared. These esters, except that of
2-methyl-1-phenyloyolohexanol, have been subjected to liquidphase pyrolysis. Olefinic mixtures and phthalic aoid are the only
products of the reaotion. A study of the olefin distribution for
each of the oompounds pyrolysed was made. Evidenoe of ionic
oharaoter in liquid-phase pyrolysis is presented.
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C H A PTE R

I

HISTORICAL BACKGROUND

Introduction
Probably the most extensively studied elimination re
action in organic chemistry during the past decade has been that
which involves the vapour-phase pyrolysis of esters.

1 2
* This re

action has found wide use for the synthesis of olefins which are
difficult to prepare by other means and may be depicted by the
following general reaction (Pig. 1) t

I

I

-C— CH

t

I I

____________ >

-C-C-

+

CHjCOOH

350-500°

Pig. 1. Pyrolysis of Acetate Esters.

1 R. Burns, D. T. Jones^and P. D. Ritchie, J. Chem. Soc., 4oo
(1955).
2 E. M. Bilger and H. Hibbert, J. Am. Chem. Soc., j)8 , 823
(1936).
1
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2
The reaction is invariably carried out in a vertical furnace. The
ester is added dropwise through the top of a glass tube which con
tains glass beads or helices and which is pre-heated to the de
sired cracking temperature. Depending upon the length of the tube,
the contact time of the ester with the hot glass surface may be
only a matter of a few seconds to a minute or more. Generally,
temperatures between 350 and 500° are employed. At such high tem
peratures, charring (carbonization) often takes place with longer
contact times although it is recognized that impurities either in
the ester or on the glass surface also contributes to this unde
sirable phenomenon. The olefin, organic acid and any unchanged
ester are recovered from the hot tube in a super-cooled flask
which is attached to the bottom of the tube. The yields of olefin
produced by this cracking process are usually excellent since any
unchanged ester can be recycled. A schematic diagram of the pyro
lysis apparatus is shown in Fig. 2.
Although the acid moiety of the esters in the pyrolysis
3

reaction has been varied by a number of workers,

by far the most

useful has been acetic. The main advantage of acetates as precur
sors to the desired olefins lies in the ease of separation of
acetic acid from the olefinic portions. Again, acetic acid does
not cause rearrangement of the double bond even at high temper
atures.

3 W. J. Bailey and J. J. Howitt, J. Org. Chem. 21, 543
(1956).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

tr

Pig. 2. Apparatus ussd for th« Pyrolysis of Aoetate Esters.
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4
The most important use of the thermal decomposition of
acetate esters has been in the preparation of terminal olefins.
Thus n-butyl acetate when pyrolysed at temperatures in the vicin
ity of 500° yields pure 1-butene^ (Fig. 3). The reaction, however
becomes more complicated when secondary and tertiary acetates are

0

CH5CH2CH2CH20-C-CH3

__________p

CHjOHgOH-CHg

+

CH^COOH

500°

Fig. 3* Pyrolysis of n-Butyl Aoetate.

subjected to thermal decomposition. In these latter oases, mix
tures of olefins are invariably obtained. The appearanoe of such
mixtures shows that the meohanism is a oonoerted attack, by whioh
acetic acid is eliminated from the starting ester.

Meohanism of Thermal Decomposition of Aoetate Esters
Although the appearanoe of olefinio mixtures might sug5
gest a thermodynamically controlled elimination, Hurd,

on the

basis of stereochemistry, suggested a oycllo, oonoerted meohanism
whioh would be klnetlcally controlled. He observed that ethylene

4 D.

H. Froemsdorf, C. H. Collins, 6. S. Hammond, and C. H.

DePuy, J. Am. Chem. Soc., 81_, 643 (1959)*
5 C.

D. Hurd and F. H. Blunck, J. Am. Chem. Soo., 60, 2419

(1938).
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5
and phenylacetio acid were the only products on pyrolysis of
ethyl phenylacetate at 435°» and there was no change in products
at higher temperatures (545 and 625°). The temperature of 625° is
sufficient in some cases to initiate C-C scission with the for
mation of radicals, but apparently the only effect of the in
creased temperature in this reaction was to increase the velocity
of the orginal process*
The cyclic mechanism proposed by Hurd (Pig. 4) involves
a six-membered ring transition state which was judged to be cis
in nature from the fact that the reaotion is unimoleoular, and
from its negative entropy of aotivation.

6 7
*' Many excellent ex

amples of the cis nature of the ester pyrolysis reaction have
been demonstrated by a number of experiments. The most elegant
demonstration has been provided by Curtin and Kellom.

\

/

\

v

8

They

/

.

I

R
Pig. 4* Transition State in Pyrolysis of Acetate Eaters.

6 A. T. Blades, Can. J. Chem., 3 1 » 418 (1953).
7 A. T. Blades, Can. J. Chem., 3 2 , 366 (1954)*
8 D. Y. Curtin and D. B. Kellom, J. Am. Chem. Soo.. ]}, 6011
(1953).
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6
prepared threo- and er.ythro-2-deutero-1«2-diphenylethanol by
reduction with lithium aluminum deuteride of cig- and transstilbene oxide, respectively (Fig. 5). The reaction of both of

C 6 H5"

Wv I

uu

/>
0ji~ C 6H5 LIAQa

°J
|°

~

5“i T

H

L*

/

c . h : T \

C6n5

ERVTHRO
o H

H5
h _ _ ^ > ^- C C6
6M
5 LiAD4
Ll AD 4
Cane

$* C6H,
6" 5

\ 9°____ ^

c6H5

65

d

THREO

Fig* 5* threo- and er.ythro-2-Deutero-1.2-diphen.ylethanol.
these aloohols gave trane-atllbene on pyrolysis (Fig. 6), the
stilbene from the erythro compound retaining all of its deuterium
and that from the threo isomer having lost most of its deuterium.
These results are oonsistent only with a meohanism for the elimi
nation in whioh a ois hydrogen atom and an aoetoxy group are lost.

Thus decomposition of ols-2-methyloyolohex.yl aoetate to give
Q IQ

mainly 3-methyleyclohexene,7 '

and ^i§-2-phenyloyolohexyl aoetate

9 R. T. Arnold, 0. 0. Smith, and R. M. Dodson,

Org. Chem.,

1§, 1256 (1950).
10 W. J. Bailey and L. Nicholas, J l* O r g . Chem.. 21. 854
(1956).
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to give mainly 3-phenylcyclohexene

11

provided further evidence

for the cyclic meohanism (Fig. 7).

£h3
^

^

/H

A

C 6H5^

I

& °
ERYTHRO

H

yP

GeH5

5 h3
O^

O

C H ''«

®

ff

D

A

V'H
CgHg

C6^5
^

7H
\

Hr

65

TH REO
Fig. 6 . Pyrolysis of the Acetates of threo- and erythro2-Deutero-1,2-diphenylethanol.

♦

C6H5

Fig. 7. Pyrolysis of the Aoetates of ois-2-Methyloyolohexanol
and oiB-2-Phenyloyolohexanol.

11 E. R. Alexander and A. Mudrak, J. Am. Chem. Soo., J2,
1810 (1950).
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Theoretical Considerations
Three factors are considered by DePuy and King

12

to be

of primary importance in determining the ratios of the products
formed in the pyrolysis of aliphatic esters. These are: (a) the
number of available hydrogen atoms in the various directions
(statistical effect), (b) the repulsive interactions of groups in
the transition state of the elimination (steric effects), and (c)
the relative stability of the olefinic products formed in the
eliminations (thermodynamic considerations). It is convenient then
to discuss these factors separately in order to determine which
is more operative under certain structural

conditions.

Statistical Effects
The high temperature pyrolysis of sec-butyl acetate
exemplifies the operation of statistical effects. For elimination
toward the methyl group, a hydrogen is cis to the acetoxy group
in all rotational conformations (Fig. 8). For elimination toward

H

OCOCH

CH-a O C O C H

Fig. 8 . Possible Conformations in Pyrolysis of sec-Butyl Acetate.

12 C. H. DePuy and R. W. King, Chem. Revs., 60, 451 (1960).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

9
the methylene group, in one conformation there is no cis hydrogen.
Consequently the formation of 1-butene is favoured statistically
over 2-butene by a factor of 3 s2 , and the experimental values are
in excellent agreement (57$ 1-butene and 45$ 2-butenes). Similar
agreement between statistically and experimental results is ob
tained in the vapour-phase pyrolysis of tert-amyl acetates.

Steric Effects
Steric effects appear

to govern the proportion of the

cis and trans-2-butene in the pyrolysis of sec-butyl acetate.
Statistically they should be formed in equal amounts. However,
the tranB olefin predominates over the cis isomer by a factor of
13
2. DePuy y and his co-workers suggest that the methyl-methyl re
pulsion in the transition state leads to the trans olefin. Hence
as a general rule, steric effects will favour the primary and
trans olefins and will hinder the formation of internal and cis
olefins (Fig. 9)»

CH

Cis

Trans

Fig. 9» Transition State in Pyrolysis of sec-Butyl Acetate.

13 D. H. Froemsdorf, C. H. Collins, G. S. Hammond, and C. H.
DePuy, loc. cit.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

10
Thermodynamic Considerations
(

Thermodynamic considerations should favour the more
stable isomer in pyrolytic elimination reactions. Voge and M a y ^
reported that at equilibrium at 500°, the butenes exist in the
ratio 28$ 1-butene, 41$ trana-2-butene and 31$ cia-2-butene. How
ever, the contact time in vapour-phase pyrolysis is usually so
small that thermodynamic effects should not be noticeable. Again,
thermodynamic effects should be almost non-existent in low tem
perature pyrolysis in which the contact time is on the order of
only a few seconds.

Pyrolysis of Xanthate Esters
Another olefin-producing reaction is the Chugaev reaction,

15

which involves the thermal decomposition of a xanthate

ester of an aloohol that contains at least one ^-hydrogen atom to
produce one or more olefins, carbonyl sulfide, and a mercaptan
(Pig. 10). The reaction,

16

which is quite analogous to the ther

mal decomposition of acetate esters, is believed to undergo a
cyclic mechanism similar to that of ester pyrolysis and that the
carbonyl sulfur atom acts as a nucleophilic agent in the hydrogen
abstraction. Thus a six-merabered ring elimination transition
state is formed as shown in Figure 11. Breakdown of the complex

14 H. H. Voge and N. C. May, J. Am. Chem. Soc., 68, 550
(1946).
15 L. Chugaev, B e r . 32, 3332 (1899).
16 P. G. Stevens and J. H. Richmond, J. Am. Chem. Soc., 63*
3132 (1941).
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11
results in the initial formation of isomeric olefins and an un
stable xanthic acid which dissociates in a subsquently fast step
to carbonyl sulfide and mercaptan. Considerable evidence has been

17

presented by Cram,

Bourns

18

and many other workers

19 20
*

to

support the stereochemistry of the above cyclic mechanism.

\ /
C-H
I
u
C-0-C-SCH3

a_______

\ /
C
(j

+

COS

+

CH5SH

Fig. 10. Pyrolysis of Xanthate Esters.

H.
\ ' / H

\

C
li
C

V

S

II

•I

.CSCH,

/ ? \ ~ / 0S0H>

c

V \

H

+

‘S
I
.CSCH*
5

COS
+

CH5SH

Fig. 11. Transition State in Pyrolysis of Xanthate Esters.

17

D. J. Cram, J. Am. Chem. Soc., 71* 5885 (1949)*

18

R. F. W. Bader and A. N. Bourns, Can. J. Chem., 39* 548

( 1961 ).
19

D. H. R. Barton, 1 .

20

E. R. Alexander and A. Mudrak, J. Am. Chem. Soc., 7 5 *

Chem. Soc., 2174 (1949).

(1951).
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12
Although normal acetate esters undergo elimination via the same
type of cyclic transition state as do their xanthate counter
parts, higher temperatures (300-600°) are required for ester py
rolysis while most of the xanthates will be decomposed around
200°. Since primary and secondary acetates are, in general, much
t
easier to prepare from alcohols than are the xanthates, ester py
rolysis as a route to olefin synthesis is preferred to xanthate
pyrolysis. Nevertheless, the Chugaev reaction offers most advan
tages when it is necessary to employ low temperatures, or to
avoid rearrangements which in certain cases might arise with high
temperatures.
It is interesting to note that the direction of elimination in xanthate pyrolysis

21

is essentially governed by the sta-

tistical, thermodynamic and steric effects
by DePuy

23

22

as those suggested

for pyrolysis of aliphatic acetate esters. The direc

tion of elimination in the Chugaev reaction has not been exten
sively studied as in acetate pyrolysis, but, where the two re
actions have been compared in the same system, the product dis
tribution has been found to be nearly identical, despite the
great difference in temperature and conditions. There is indeed
a similarity in product ratios in pyrolyses of 1-methylcyclohexyl
acetate and xanthate esters. Both reactions yield an olefinic

21 R. A. Benker and J. J. Hazdra, J. Am. Chem. Soc., 81,
228 (1959).
22 H. R. Nace, in organic Reactions, (New York, 1962),
Vol. 12, p. 64.
23 C. H. DePuy and R. W. King, loc. cit.
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mixture in which the amount of the endo-isomer (1-raethylcyclohexene) is approximately four times that of the exo-isomer
(methylenecyclohexane) (Pig. 12). Another convincing example can

Pig. 12. Pyrolyses of 1-Methylcyclohexyl Acetate and
Xanthate Esters.

be found in the oase of the thermal decomposition of the acetate
and xanthate esters of cis-2-phen.ylcyclohexanol

OA 9R
* D (Fig. 13).

In spite of the great difference in pyrolysis temperature em
ployed in the two compounds 3-phenylcyclohexene is obtained pre
dominantly in both cases, thus showing the similar mechanistic
path of these two reactions. This latter example renders more
support to their common concerted cyclic mechanism at least in
those cases where comparisons have been made.

24 E. R. Alexander and A. Mudrak,

o p. oit., p. I8 10 •

25 E. R. Alexander and A. Mudrak, J. Am. Chem. Soc., 7 2 ,
3194 (1950).
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s

II
R= -C-5GH.
3
0
II
R= -C-CH.
3

96-10056

4-056

71°

Fig. 13* Pyrolyses of 2-Phenylcyclohexyl Acetate
and Xanthate Esters.

tranB-Elimination in the Chugaev Reaction
Although the pyrolysis of normal xanthate esters un
doubtedly follows the same mechanistic path of cis-elimination
as that of acetate pyrolysis Bordwell and Landis

26 2 T
*
have re-

ported recently that trans-elimination does occur in at least
two cases of xanthate pyrolysis studied. The xanthate ester of
cis-2-p-toluenesulfonylcyclohexanol (i) yieldspredominantly
1-p-toluenesulfonylcyclohexene (il) rather than the expected
3-p-toluenesulfonyl-1-cyclohexene (ill). Ho rearrangement of III
to II was observed at pyrolysis conditions (210°)

(Fig. 14).

26 F. G. Bordwell and p. S. Landis, J. Am. Chem. Soc. , 80,
2450 (1958).
27 F. G. Bordwell and P. S. Landis, J. Am. Chem. Soc., 8 0 ,
6383 (1958).
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a

S O 2C7H7

trans>

SO2C7H 7

so

#7h 7 *
elim

II

III

H

I (ois)

Pig# 14• Pyrolysis of the Xanthate of cis-2-p-Toluenesulfonylcyolohexanol.

The appearance of product ( n ) almost to the exclusion of III
suggests that a transition state which involves a ''trans" struc
ture rather than a "cis" structure might be operative. The authors
postulated a step-wise intramolecular mechanism which involves a
dipolar-ion intermediate (Pig. 15)» This must truly be a special
case of trans-elimination which can involve the step-wise intra
molecular mechanism.

S02C7H7

S 0 2ctH 7
C©

I

Dipolar intermediate

Pig. 15. Transition State in Pyrolysis of the S-Methyl Xanthate
of cis-2-p-Toluenesulfonylcyclohexanol.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

16
In the case of the xanthate of cis-2-p-toluenesulfonylcyclohexanol, the unusual trans-elimination is undoubtedly pro
moted by the high acidity of the /5-hydrogen atom. It has pre
viously been observed that trans-elimination may be preferred to
a cis-elimination if the /9-hydrogen is made strongly acidic.

20

In addition, the formation of a dipolar intermediate in the trans
ition state is favourable since both negative and positive
charges can be distributed over several atoms by resonance as
indicated in Figure 15* Decomposition of the dipolar intermedi
ate will give only 1-p-toluenesulfonylcyclohexene.
The second case involves the pyrolysis of the methyl
xanthate of (+) erythro-5-p-toluenesulfonyl-2-butanol (IV). The
trans-elimination product, ois-2-p-toluenesulfonyl-2-butene (V),

pQ
is obtained in 58% yield

(Fig. 16). trans-2-p-Toluenesulfonyl-

2-butene (VI) does not rearrange to its cis-isomer even in pre
sence of concentrated hydrochloric acid in aqueous dioxane. The

r

3

H

c

ch3

H - C - S 0 2C7H 7

a

2 0 ° - * 2 0*

°\3

/ CH 3

c=c,

h'

X S02C7H7

CH 3

Fig. 16. Pyrolysis of the S-Methyl Xanthate of (+) erythro5-p-Toluenesulfonyl-2-butanol.

28 F. G. Bordwell and P. S. Landis,

op. cit., p. 6583.
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17
same workers concluded that the above trans-elimination proceeded
by initial ionization of the ^-hydrogen atom, rendered more labile
by the sulfonyl group on the same carbon atom, to give a dipolar
ion intermediate. This intermediate then rearranged to the sterically more favoured conformation before decomposing to give the
olefin (Pig. 17)•

SCH 3

seH3

HS

h1 + ^ o

SO2 C7 H 7

/ S O 2C7H7

0

S 0 2C 7 4 7 ^ ^ / C H 3

H
H

e

CH 3

L
C H 3 CH3

IV

^ SO

CH3^

2

C7 H7

C 7 H 7S O 2

I
h/

N
VI

(2 0 %)

V
( 80 %)

Pig. 17. Transition States in the Pyrolysis of S-Methyl Xanthate
of (+ ) erythro-^-p-Toluenesulfonyl-2-butanol.
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trans-Elimination in the Pyrolysis of Sulfites and Sulfoxides
Thus far, the above two previously discussed cases are
the only two unambiguous examples in the Chugaev reaction to
follow a different type of mechanism than the classical cis con
certed elimination mechanism. It is, however, interesting to note
that pyrolysis of sulfites has been found to yield products which
could conceivably result from an ionic precursor. Thus Price and
29 50
Berti 7 *
have reported that the methyl sulfite ester of ois-2phenylcyclohexanol yielded on pyrolysis a mixture composed of
78# 1-phenylcyclohexene and 22# 5-phenyl-1-cyclohexene. The trans
isomer on pyrolysis yielded 65# of the former compound and 55# of
the latter (Pig. 18). The authors rationized in the case of the

175

Cis

T ro n 8

78%

2 2%

65%

Pig. 18 Transition States of the Methyl Sulfites of
cis- and trans-2-Phenylcyc1ohexano1.

29 C. C. Price and G. Berti, J. Am. Chem. Soo., 7 6 , 1207
(1954).
50 C. G. Price and G. Berti, J. Am. Chem. Soc., 76, 1211
(1954).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

19
ciB-sulfite that the smaller sulfite group would be oriented in
the axial position and that heat induced carbon-oxygen bond clea
vage occurred to yield a bridged ion-pair (Pig. 18). The ion-palr
then collapsed to give the products indicated. In the case of the
trans-sulfite, the ion-pair would Involve a phenyl bridge which
conceivably would give more of the unconjugated produot. That the
entire decomposition in both cases oocurred by an ionic meohanism
was not established since isomerization of produots was observed.
Henoe, at least in part, the classical ois-elimination could have
been operative.
31
Kingsbury and Cramr
have reoently reported a case of
sulfoxide pyrolysis whereby the stereochemistry of elimination
varied with temperature. Thus the dlastereomerio 1 ,2-diphenyl-1propylphenyl sulfoxides decomposed at 00° in a predominantly
stereospeoifio manner (ois-elimination) to yield isomeric eC-methyl
stilbenes (fig. 19). At 120®, however, etereospeoifiolty

was

lost.

s

C H y C H - d H-CgHg - - - — — * C H^CH=C H— CgH 5

u

Pig. 19. Thermal Decomposition of Diastereoisomerio 1,2-Diphenyl1-propyl Phenyl Sulfoxides.

31 C. A. Kingsbury and b. J . Grata, J. Am. Chem. Boo., 6 2 ,
1810 (1960).
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This loss of stereospecificity suggests that at temperatures of
120° and greater, cleavage of the carbon-sulfur bond occurs. The
authors suggested a radical pair (pig. 20) which accounts for the
non-stereospecific elimination.

o0
e>

\

.*s —CgH5

'.S— C q H 5

C H 3 -C H

C -C g H g

I

C 6H5

H

c h 3 -<|:h-

c

c^

CeH
6n5

6

Pig. 20. Transition State in Thermal Decomposition of Diasteroisomeric 1,2-Diphenyl-1-propyl phenyl Sulfoxides.

Thermal Decomposition of Tertiary Acetates and Xanthates
On the strength of the limited number of examples of
non-stereospecific pyrolytic elimination, it is difficult to sug
gest a prime explanation (at least for the purposes of general
ization) for such phenomenon. Undoubtedly the course of elimi
nation will follow the path of least resistance and the intro
duction of such factors as acidic ^-hydrogen atoms and groups
which are easily cleaved (sulfites and sulfoxides) will play an
important role in direction and mechanism of the reaction path.
It has been established, however, that esters and xanthates of
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tertiary alcohols, in which the steric factor would favour carbonoxygen cleavage, decompose by the cyclic concerted mechanism,
although the difficulty involved in the preparation of the
starting materials has prevented an extensive investigation into
this area. Thus, under normal pyrolytic conditions

32

(vapour-

phase), the elimination in the aliphatio series tends to follow
the Hofmann rule to yield a mixture of olefins roughly parallel to
the ratio of available ^-hydrogen atoms, in the alicyclic series,
relative stabilities of the olefins must play a role, since the
endo olefins, which are more stable than the exo isomer, are the
predominant products in pyrolysis of the alicyclic tertiary
eaters?3-55
Table I summarizes results of vapour-phase pyrolys is of
the tertiary acetates by different workers. Table II shows the
results of pyrolysis of the tertiary xanthates. Table III indicates
the effect of temperature on direction of elimination in pyrolysis
of tert-amyl and 1-methylcyclohexyl acetates. It is to be noted
that all the acetate esters are liquids.

32 C. H. DePuy and R. W. King, loc. cit.
33 D* H. Froemsdorf, C. H. Collins, G. S. Hammond, and C. H.
DePuy, loc. cit.
34 W. J. Bailey and W. F. Hale, J. Am. Chem. Soc., 8 1 , 647
(1959).

35 E. E. Royals, J. Org. Chem., 23, 1822 (1958).
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TABLE
P Y R O L Y S IS

OP A C E T A T E

ESTERS

I

O F T E R T IA R Y

Decomposition
Temperature

Acetate Ester

A LC O H O LS

Product Distribution

o
o
■ct-

0

CH3 +
76)5

F ' ' V CH2

(36)

24$
|^J=CH2

o

q

»

.

450°

C r 76$
74$

(37)
(38)

24$
26$

R - ( ^ y - C H 3 R— ^

0
R ST

^=CH2

400°
77$

9 H3
— C-CH3
6h 3

23$

(39)

450°

n

<

“r .

r > ° H3
100$
84$

r - V n ,

0$
16$

(37)
(36)

36 W. J. Bailey and W. F. Hale, J. Am. Chem. Soc., 81^, 651

(1959).
37 D. H. Froemsdorf, C. H. Collins, G. S. Hammond, and C. H.
DePuy, loc. cit.
38 W. J. Bailey and W. F. Hale, _0£. cit.,

P. 6 4 7.

39 C. H. DePuy and R. W. King, J. Am. Chem. Soc., 83, 2743
(1961).
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TABLE
P Y R O L Y S IS

I

(c o n td .)

OP A C E T A T E E S T E R S

Acetate Ester

O F T E R T IA R Y

A LC O H O LS

Product Distribution

Decomposition
Temperature

9

O GCH3

£
a

450

[OC"3 r V 3
K y -o n *

k
r/ s V
^

cis

28$

26 $

46 $

trans

0$

45$

55$

9 CH3

450°

Lch3 I—

Lch3

cis

4 0 -50 $

25 -30 $

2 -30$

trans

5 - 10 $

89-95$

1 -4$

15

CHj-tj-CHgCHj

400°

CH,
I 3
CHj-C-CH-CHj

q -o
CHj

CHjCH,
CH^-C— CH-CHj

? -o
CHj

400°

(40)

/ V c h 3 r ^ V c H j/V c H z
L— !Lch3 1—

CH,

CH2
CH3

76$

(40)

30$

70$

(41)

CH,

^

/ 5

/

V i

CHg-C-CHg-CH

24$

CH,

ch5

(40

c -c

\
ch5

12$

CH,

I 3

CH “C-CH-CH,
2
1
y
ch5

88$

(41)

40 D. H. Froemsdorf, C. H. Collins, G. S. Hammond, and C. H.
DePuy, loc. cit.
41 W. J. Bailey and W. F. Hale, _op. cit., P» 647*
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TABLE
P Y R O L Y S IS

OP S -M E T H Y L

Xanthate Ester

I I

XANTHATE ESTE R S

Decomposition
Temperature

OP T E R T IA R Y

A LC O H O LS

Product Distribution

-CH3
OCSCH3

ch2

200

2H

1%

sCHgCH^

OCSCH3

i=CHCH

200

(42)

88$

100

CH

(42)

22$

ch3

150

■c=ch2

(42)
ch3

CH^i C-CHoCH
155

(43)

42 R. A. Benker and J. J. Hazdra, loc. cit.
43 C. H. DePuy, C. A. Bishop, and C. N. Goeders, J. A m .
Chem. Soc.» 83» 2151 (1961).
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TABLE

I I I

(a )

EFFECT OF TEMPERATURE ON PYROLYSATE FROM44
1“METHYLCYCLOHEXYL ACETATE

o

Temp.

C

Composition of pyrolysate, <f0
'1
'
Methylenecyclohexane
1-Methylcyclohexene

200°

17

83

300

15

85

400

18

82

450

26

74

550

26

74

°Liquid-phase pyrolysis (bath temp.).

TABLE III (b)
EFFECT OF TEMPERATURE ON PYROLYSATE FROM t-AMYL ACETATE44
Composition of pyrolysate, io
Temp. °C

2-Methyl-1-butene

2-Methyl-2-butene

225

42

59

275

45

55

550

54

46

400

70

30

500

69

51

600

55d

50d

dPlus 1 5c/o 3-methyl-l-butene.

44 W. J. Bailey and W. F. Hale,

op. cit., p. 647*

UNIVERSITY 0F W11S9R LIBRARY
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As it can be seen in the cases of cis- and trans-1methyl-4-tert-butylcyclohexyl acetates (Table I), the confor
mational effects do not play any significant part in the direction
of elimination. Both acetates have been shown to yield the same
exo/endo product ratio as found in the pyrolysis of 1-methylcyclo45
hexyl acetate. The complete absence ' of 1,2-dimethylcyclohexene
among the products from pyrolysis of the trans-1.2-dimethvlcvclohexyl acetate supports unequivocally the classical £is-mechanism,
for there is no ^-hydrogen atom available for cis-elimination in
order to produce such an olefin (Fig. 21). Only a small amount of
1 ,2-dimethylcyclopentene, which was believed to be the rearranged
product from the other two isomers, is obtained in the pyrolysis
of trans-1,2-dimeth.ylcyclopentyl acetate.

+

.
\~J7
I
ch3

Q
ch

0$

ch

5-10$

3

1
0— 1
X

*

I
3

]

45$
A

0I
ch

3c h 3

CH3 CH2

89-95$

Fig. 21. Stereospecific Elimination of trans-1,2-Dimethylcyclopentyl and trans-1,2-Dimethylcyclohexyl Acetates.

45 D. H. Froemsdorf, C. H. Collins, G. S. Hammond, and C. H.
DePuy, loo. cit.
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Thermal Decomposition of Hydrogen phthalate Esters
of Primary and Secondary Alcohols
It has been stated previously in this work that esters
(primary, secondary and tertiary) decompose thermally to yield
olefin (s) and an organic acid. It is interesting to note, however,
that hydrogen phthalate esters of primary and secondary alcohols
decompose thermally to yield phthalic anhydride and the alcohol
AC

from which the ester has been derived.

Thus pyrolysis of hexa-

hydrobenzyl hydrogen phthalate yields only hexahydrobenzyl alcohol
and phthalic anhydride while the corresponding acetate yielded
methylenecyclohexane and acetic acid exclusively (Fig. 22).

II
H=0CCH.

Fig. 22. Pyrolyses of Hexahydrobenzyl Hydrogen phthalate and
Acetate Esters.

46 This Laboratory.
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Botteron and his co-workers^*^® also found that pyrolyses of
methyl-, n-butyl- and cyclohexyl hydrogen phthalate esters gave
no other compounds but phthalic anhydride and their corresponding
parent alcohols. On pyrolysis of (-)~2-octyl hydrogen phthalate
pure (-)-2-octyl alcohol was obtained, and a small amount of ole
fins was recovered in addition to phthalic anhydride. These
workers (using the above evidence) proposed a two-step mechanism
for pyrolysis of hydrogen phthalate esters of primary and secon
dary alcohols as shown in Figure 23. A proton-transfer from the

Attack on the carbonyl
carbon

alcohol with
original con
figuration

%-COOH
X
J-COOH + /
olefin
Attack on f i -hydrogen

Fig. 23* Mechanism in Pyrolysis of Hydrogen phthalate Esters of
Primary and Secondary Alcohols.

47 G. P. Shulman, J. H. Bennett, and D. G. Botteron, J. Q r g .
Chem., 27, 3923 (1962).
48 D. G. Botteron and G. P. Shulman, J. Q r g . Chem., 27, 785

( 1962 ).
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free carboxylic acid group leads to an intermediate species which
decomposes by nucleophilic displacement at the carbonyl carbon to
yield phthalic anhydride and an alcohol with retention of the ori
ginal configuration. Phthalic acid and olefin are obtained when
the carboxylate anion abstracts a hydrogen from the/d-carbon.
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C HAPTER

I I

DISCUSSION OP EXPERIMENTAL RESULTS

Interest in this laboratory in the pyrolysis of esters
as a fruitful elimination reaction stemmed, from an observation
made on melting point determination of hydrogen phthalate esters
of tertiary alcohols.1 It was desirable to study the solvolysis
characteristics of these esters. Since no general procedure had
been reported in the literature for the preparation of such com
pounds, a facile method was necessary in order to carry out these
studies.
Zeiss

2

previously reported on the preparation of the

hydrogen phthalate derivative of 2-phenyl-2-butanol. It was of
interest to note that the derivative melted with decomposition
at 111°. Although no study was made of the decomposition products,
it seemed reasonable to assume that an ordinary ester pyrolysis
3
occurred and at a low temperature. Doering and Zeiss^ previously
reported on the preparation of the hydrogen phthalate derivative

1 J. M. Prokipcak, This Laboratory.
2 H. H. Zeiss, J. Am. Chem. Soc., 75» 2391 (1951).
3 W. von E. Doering and H. H. Zeiss, J. Am. Chem. Soc., 72
147 (1950)
30
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of 2,4-dimethylhexan-4-ol. The oil obtained was characterized as
the barium salt. The procedure used by these workers involved the
conversion of the alcohol to its potassium salt in boiling ben
zene followed by the addition of phthalic

anhydride.

Pessler and Shriner^ reported on the preparation of
hydrogen phthalate derivatives of six aliphatic tertiary alcohols
from tetrachlorophthalic anhydride. The yields ranged from 3 6 to
66%. The method involved treatment of the alcohols with ethylmagnesium to obtain the alkoxy magnesium bromide which was then
treated with tetrachlorophthalic anhydride. Mo derivatives of
mixed aliphatic-aromatic tertiary alcohols were recorded and all
attempts to prepare an acid phthalate of triphenylcarbinol failed*
5
A convenient procedure' was developed in this laboratory
for the preparation of hydrogen phthalate derivatives of alipha
tic, alicyclic, mixed aliphatic-aromatic, and aromatic tertiary
alcohols. The procedure involved treatment of the alcohol with
ethereal triphenylmethylsodium at room temperature. The addition
of phthalic anhydride followed by a short period of stirring
yielded the solid derivative. The derivatives prepared along
with their physical constants can be found in Table IV. The
method was found to be very convenient both as a characterization
and a preparative procedure since the triphenylmethylsodium which
has a blood-red colour in ether could be titrated rapidly into

4 W. A. Pessler and R. L» Shriner, J. Am. Chem. Soo., £8,
1384 (1936).
5 K. G. Rutherford, J. M. Prokipcak, and D. P. C. Fung, J.
Qrg. Chem., 28, 582 (1963).
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TABLE

IV

ACID PH TH A LA TE DERIVATIVES

ALCOHOL

M .P.°
°C

D ec - a
P o in t
°C

N eut. EquivCalcd.

Found

Carbon %

Hydrogen %

Calcd.

Foun d

C alcd-

Found

t -A m y l A lc o h o l

6 2 -6 3

lh h - - lh 6

2 3 6 .3

236. U

6 6 .0 8

6 6 .0 9

6 .8 3

6 .8 8

1- M e t h y lc y c lo p e n t a n o l

6 8 -6 9

Ik 5 - lh 8

2k8.3

2 h 8 .8

67.73

6 8 .0 3

6 .5 0

6 .6 2

L - M e th y lc y c lo h e x a n o l

89-91

15^-157

2 6 2 .3

2 6 0 .7

6 8 .6 8

6 8 .3 1

6 .9 2

6 .8 8

1- M e t h y lc y c lo h e p t a n o l

90-91

152-155

2 7 6 .3

2 7 6 .5

6 9 .5 b

6 9 .8 0

7.30

7.56

12L -125

155-158

2 7 6 .3

279.6

6 9 .5 b

6 9 . ho

7.30

7. h 3

Ih 0 _ lk 2

-« lh 5

538. ^

339.0

7b . 53

7b . 5^

6.55

6 .5 2

T r a n s - 1,

2- d i m e t h y l e y c lo h e x a n o l

2- M e t h y l - l - p h e n y l c y c l o h e x a n o l

(a )

A l l m e l t i n g and d e c o m p o s itio n p o i n t s w e re t a k e n on t h e F is h e r - J o h n s M e l t i n g P o i n t A p p a r a t u s .

04
|N>
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the colourless ethereal alcohol solution until a red colour
persisted. This indicated complete proton removal from the al
cohol. The yields ranged from 70-90fo. Unlike Shriner's obser
vation, this procedure yielded easily crystallizable hydrogen
phthalate derivatives.
It is interesting to note that all the hydrogen phtha
late esters prepared from the tertiary aliphatic and alicyclic
alcohols were all well defined, sharp melting solids having de
composition points between 130-150°. The presence of one or two
aromatic rings resulted in simultaneous melting and decomposition
of the derivative. This substitution tended to lower the decompo
sition point substantially. The derivative from triphenylcarbinol
did not decompose at the melting point or even at 300°. In all
cases of decomposition, the only products were olefins and
phthalic acid. It was logical then to study in detail the products
of pyrolysis of a number of these esters, since the low decompo
sition point suggested that a different mechanism may be operative
in the decomposition of suoh internally strained systems.
It was decided to study the pyrolyBis of the hydrogen
phthalate esters of tert-amyl alcohol, 1-methylcyolopentanol,
1-methyloyolohexanol, 1-methylcycloheptanol and traju3-1,2-dimethylcyclohexanol, since comparisons with pyrolysis of aoetate
esters oould be made. Table V indicates the decomposition tem
peratures and product distribution in pyrolysis of the hydrogen
phthalate esters of tert-amyl aloohol, 1-methylcyolopentanol,
1-methyloyolohexanol, 1-methyloycloheptanol and trans-1 ,2-dimethyloyolohexanol. Table VI summarizes the results of vapourphase pyrolysis of corresponding acetates. Wherever possible,
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low temperature (liquid-phase) pyrolysis results are given for
comparison*

TABLE V
PYROLYSIS OP HYDROGEN PHTHALATE ESTERS OP TERTIARY ALCOHOLS
Hydrogen Phthalate Ester

M.P.

Oil Bath
Temp.
(Pressure)

Produot
Distribution

CH,

CH,

t 3

I 5

CHj-^-CHgCHj

62-63

145-150”

CH2-C-CH2CH5

(atmos.)

O-fi-H
0

OOH

CH j

CH,-i-CHCH,

53/o

R<

CH,
1 3
CH,-C-CH-CH_
3 I
2
H

h 3 97$

ch3
68-69

°r

0%

150-160

+
(atmos.)
y = c H
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TABLE
P Y R O L Y S IS

V

OP HYDRO GEN P H T H A L A T E

aydrogen Phthalate Ester

M.P

(c o n td .)
ESTERS

OP T E R T IA R Y

Oil Bath
Temp.
(Pressure)

A LC O H O L S

Product
Distribution

CH
89-91

90-91

19%

H C H
124-125
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TABLE
P Y R O L Y S IS

Acetate Ester

OP A C E T A T E

ESTERS

VI
OP T E R T IA R Y

Decomposition
Temperature

A LC O H O LS

Product
Distribution
CH,
I 3
CH„»C-CH„CH.

CH,
I 5
CH,-C-CH0CH.

225

=0

CH,
I 5
CH,-CH-CH=CH,

450

(7)

6 W. J. Bailey and W. P. Hale, J. Am. Chem. Soc., 8 1 , 647
(1959).
7 W. J. Bailey and W. P. Hale, J. Am. Chem. Soc., 8 1 , 651
(1959).
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TABLE
P Y R O L Y S IS

V I

(c o n td .)

OP A C E T A T E E S T E R S

Acetate Ester

Decomposition
Temperature

220°
O

0

S

OP T E R T IA R Y

A LC O H O LS

Product
Distribution

(8 )

^

—

ch3

Q3 %

/ 0 = cs2

17 %

p

~

Y

440°

(9)

450°

(10)

GH3

/ X o ~|j~C H 3

(

0

H

3 45%

+

CH3O-C-CH3
0

a

?

8 W. J. Bailey and W. P. Hale,

o p . cit.,

p# 5 4 7 ,

9 W. J. Bailey and W. F. Hale,

p p . cit.,

p. 6 5 I.

55,1

10 D. H. Froemsdorf, C. H. Collins, 6 . S. Hammond, and C. H.
DePuy, J. Am. Chem. Soc., 8 1 , 643 (1959)*
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In the low temperature pyrolysis of both the acetate
and hydrogen phthalate esters of tert-amyl alcohol, the Saytzeff
product predominates. This is in sharp contrast to high tempera
ture (400°) acetate ester pyrolysis which yields 7 Of0 Hofmann
isomer (2-methyl-1-butene). Low temperature pyrolysis (155-160°)
of the hydrogen phthalate and acetate esters of 1-methylcyclohexanol shows the same trend with the hydrogen phthalate ester
yielding 5$ more Saytzeff product (1-methylcyclohexene) than the
acetate ester. Bailey pointed out that liquid-phase pyrolysis of
tertiary acetate esters would be more apt to follow the Saytzeff
rule than would vapour-phase pyrolysis at least in the cases of
tert-amyl and 1-methylcyclohexyl acetates. Barton1^ had previously
suggested mostly on the basis of liquid-phase pyrolysis, that the
Saytzeff rule was followed quite generally. Two possibilities are
involved here* the stability of the olefin may be a controlling
factor, or the mechanism of the elimination is shifting from a
cyclic intermediate to one involving an ionic intermediate. Indeed Bailey has suggested both possibilities.

12

Pyrolysis of the hydrogen phthalate ester of 1-methylcyclopentanol at 150-160° yields an almost quantitative amount
(97$) of the Saytzeff product (1-methylcyclopentene), in contrast
to 84$ obtained from high temperature pyrolysis (450°) of the
corresponding acetate. It is interesting to note that DePuy

13

11 D. H. R. Barton, J. Chem. Soc., 2174 (1949).
12 W. J. Bailey and W. P. Hale,

p p . cit., P* 647*

13 D. H. Froemsdorf, C. H. Collins, G. S. Hammond, and C. H.
DePuy, loc. cit.
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claimed that no Hofmann product (methylenecyclopentane) could be
obtained from the pyrolysis of the acetate of 1-methylcyclopentanol at 450°* However, the separation of methylenecyclopentane
and 1-methylcyclopentene is extremely difficult.
Bailey reported the separation of 1-methylcyclopentene
from methylenecyclopentane effectively by using a c o l u m n ^ con
taining silver nitrate in diethylene glycol absorbed on JohnsManville Chromosorb (10-30 mesh, acid washed) in a "special"

^

vapour-phase chromatographic column. We were unsuccessful with
this column packing in a six-foot copper column (1/4" diam.) but
managed to separate the isomer using a Golay "R" column (175 ft.).
The presence of the exo isomer could be detected by means of a
small band at 11.2 yU. in the infrared spectrum. This band dis
appeared when the olefinic mixture was boiled with p-toluenesulfonic acid for three hours.
Of particular interest in this investigation is the
products obtained from the pyrolysis of the hydrogen phthalate
ester of trans-1,2-dimethylcyclohexanol, especially the ap15
pearance of 19$ 1 ,2-dimethylcyclohexene. DePuy ' had previously
reported that this compound was not obtained on the pyrolysis of
the corresponding acetate at 450° although a 28$ yield was ob
tained from the cis isomer. The pyrolysis of the acetate of
trans-1,2-dimethylcyclopentanol at 450° was reported to have

14 W. J. Bailey and W. P. Hale, loc. cit.
15 D. H. Froemsdorf, C. H. Collins, G. 8. Hammond, and C. H.
DePuy, loo, cit.
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yielded small amount (5-10^) of 1 ,2-dimethylcyclopentene as well
as the other expected isomers but it was established that the
olefinic products isomerized under the conditions of pyrolysis.
It was found, however, in the case of the cyclohexyl phthalate
analogue, that the olefin distribution obtained on pyrolysis did
not change when redistilled from phthalic acid even at 180°. Thus
it is inconceivable that isomerization occurs under the conditions
employed.
Carbonium ion character is evident in the transition
state in the pyrolysis of trans-1,2-dimethylcyclohexyl hydrogen
phthalate ester and that this elimination is kinetically con
trolled. This may well be extrapolated to the low temperature
pyrolysis of esters of the other tertiary systems studied. That
more of the 1,2-dimethylcyclohexene was not obtained may well be
attributed to the "cis effect'' that would be exhibited in the
transition state of elimination. A similar "cis effect" has previously been observed

16

in the pyrolysis of erythro- and threo-

2-deutero-1,2-diphenylethyl acetate that trans- rather than cisstilbenes were formed almost exclusively because of the consider
ably higher energy required for the transition state with the two
phenyl groups "cis" to each other.
It is suggested then that the mechanism at least in
part involves the initial ionization of the tertiary hydrogen
phthalate ester, and the amount of Saytzeff product is controlled

16 D. Y. Curtin and D. B. Kellom, J. Am. Chem. Soc., 7_5, 6011

(1953).
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by steric effects in the transition state as well as statistical
considerations. The possible elimination transition state for
the 1 ,2-dimethylcyclohexyl carbonium ion are illustrated in
Figure 24. The steric effect of the cis-methyl groups in

?

%
®

fl
X5-C-R

O-C-R

■c 6h 4 c

o o h

CH,

19%

V - CH3 4 6 %
ch

3

ch2
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3

c h

3

Fig. 24. Transition State for the 1,2-Dimethylcyclohexyl
Hydrogen phthalate.
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35%

transition state "A" would hinder the initial formation of
1.2-dimethylcyclohexene (the most stable isomer) from hyperconjugative considerations. Pertinent to this, it has been observed
that iodine dehydration (an equilibrium process) of trans-1,2dimethylcyclohexanol yields 73$ 1,2-dimethylcyclohexene, 24$
2.3-dimethylcyclohexene and 3$ methylene-2-methylcyclohexane
(Pig. 25).

73%

24%

3%

Pig. 25* Iodine Dehydration of trans-1,2-Dimethylcyclohexanol.

There is much less "cis effect” in transition states
"B" and "C". The former, however, would be more favourable from
hyperconjugative influences. The abnormal amount of methylene2-methylcyclohexane (35$) is indeed surprising when compared
with the amount of methylenecyclohexane (12$) obtained from the
low temperature pyrolysis of the hydrogen phthalate ester of
1-methylcyclohexanol. Again, this large amount of exo isomer

17 M. Cardew and R. L. Burwell Jr., J. Am Chem. Soc., 82,
6289 (1 9 6 0 ).
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would preclude the possibility of the occurrence of any isomeri
zation reaction during pyrolysis. It is possible that in tran
sition state "B" 1,3-hydrogen-methyl interaction presents an
adverse effect.
That the elimination reaction of tertiary hydrogen
phthalate esters may in part occur by the usual cyclio mechanism
cannot be completely excluded. Dreiding models show that the pre
ferred orientation of the ring substituents is such that the
methyl groups are axial and that,if the ester carbonyl group
occupies a position in the vicinity of the methyl hydrogen atoms
on the same ring carbon atom,then a maximum of free rotation of
the benzene ring and the ortho-carboxylic acid substituent is
realized (Fig. 26).

Pig. 26* Drieding Model of Preferred Orientation of trans
1 ,2-Dimethylcyclohexyl Hydrogen phthalate.
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It is interesting to note that in the case of low tem
perature pyrolysis of the hydrogen phthalate esters of 1-methylcyclopentanol, 1-methylcyelohexanol and 1-methylcycloheptanol,
the amount of exo

isomer (Hofmann product) increases markedly

with increasing ring size (3$» 12$ and 28$ respectively). This
is in contrast to the pyrolysis of the corresponding acetate
esters that no large effect of the ring size on the compositions
of the pyrolysate was found. One may conclude that the larger
the ring size, the more favourable the ionic transition state

since the ring bond angle can expand towards 120°.
It is very difficult to draw a comparison with liquidphase pyrolysis of tertiary hydrogen phthalate esters and corre
sponding acetates. The former because of much greater internal
strain may well lend themselves more readily to an ionic type
breakdown and thus decompose at much lower temperatures. Indeed
all the prepared aliphatic hydrogen phthalate esters of tertiary
alcohols^which contain one or two phenyl groups on the carbonyl
carbon atom^decompose at their melting points. Thus the hydrogen
phthalate ester of 2-phenyl-2-propanol decomposes at 109-110° in
mineral oil to yield on subsquent steam distillation a yield of
95$ <-methy1styrene. Similarly, the hydrogen phthalate ester of
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1,1-diphenylethanol yields 1,2-diphenylethylene.

18

The presence

of the phenyl grouping along with the low decomposition tem
peratures suggests added stability of the carbonium ion as well
as increasing the internal strain of the molecule thus enabling
ion formation at even lower temperatures. With the limited amount
of low temperature experiments carried out with tertiary acetates,
indications are that an increase in the ionic character of the
elimination transition state is realized with a decrease in de
composition temperature.
The effect of benzoid substituents^which would increase
or decrease carbonium character in both acetate and hydrogen
phthalate ester, is presently under investigation, and trans2-methyl-1-phenylcyclohexyl hydrogen phthalate has been chosen in
this case. This ester has been found to decompose at a low tem
perature (145°), which indicates the relative small energy re
quired for prior ionization. The intermediate of the ester, which
is shown in Figure 27, is expected to be a more stable carbonium
ion than that from the trans-1,2-dimethyl analogue, and more of
the SN.J character will be predicted. Unfortunately, pure trans2-methyl-1-phenylcyclohexanol of known configuration has yet to
be prepared

19 20
*
before one can have a better understanding of the

effect of benzoid substituents in pyrolysis of the cyclohexane
system.

18 Private Communication with Mr. William Redmond.
19 E. W. Garbisch, Jr., J. Org. Chem., 27, 4245 (1962).
20 R. B. Carlin and H. P. Landerl, J. Am. Chem. Soc., 7 5 .
3969

(1 9 5 3 ).
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OOH

COOH

O -C

More st able

Fig. 27* The Transition State in Pyrolysis of trans-2-Methyl1-phenylcyclohexyl Hydrogen Phthalate.

One may conclude that pyrolysis of hydrogen phthalate
esters of tertiary alcohols is at least in part not a stereospecific reaction. The elimination is believed to undergo a SN^
type mechanism with carbonium ion-pair formation as an inter
mediate. This intermediate decomposes to give one or more olefins.
Since the reaction is kinetically controlled, thermodynamic
effects are not important. Hence, statistical and steric effects
are the controlling factors in governing the direction of elimi
nation. In general, the Saytzeff Rule is followed in the pyrolysis
of tertiary hydrogen phthalate esters. However, in the alicyclic
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series, the Saytzeff product diminishes as the ring size in
creases at least in the area of medium size rings.
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CHAPTER

I I I

EXPERIMENTAL PROCEDURES

Sources of Starting Materials
Starting materials such as cyclopentanone, cyclohexanone, cycloheptanone and 2-methylcyclohexanone were obtained
commercially. Authentic samples of 1-methylcyclopentene, 1-methylcycloheptene were obtained from the Aldrich Chemical Company.
Other alicyclic olefins were synthesized by the Chiurdoglu'B
method,

1

from iodine-catalyzed dehydration of the appropriate

alcohols.

Pyrolysis Studies
The general procedure in pyrolysis consisted of heating
an oil bath to the desired temperature and introducing into the
bath a flask which contained the solid hydrogen phthalate ester.
To the flask was connected a Claisen distillation head (ther
mometer attached), a condenser and a receiving adapter. A small
receiving flask was in turn connected to the adapter and was
placed in a Dry Ice-acetone bath. The system was subjected to
reduced pressure for the higher boiling olefins.

1 G. Chiurdoglu, B u l l , soc. chim. Belg., 4 4 , 527 (1935)•
48
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All the components which resulted from thermal decom
position of the hydrogen phthalate esters were colourless liquids
and were free from phthalic acid. The crude olefinic mixtures
were subjected immediately on formation to vapour phase chromato
graphic analysis. The chromatographic column selected in each
case depended upon the component mixture. This procedure was
followed in order to minimize possibilities of rearrangement of
the olefins on standing. It was found^ however^ that none of the
olefinic mixtures under investigation rearranged on standing for
long periods of time. Again, it was found that on re-distillation
of the orude olefinic mixtures, no change in product distribution
could be detected by vapour phase chromatographic analysis.
In addition to the olefinic mixtures obtained on pyro
lysis of the hydrogen phthalate esters, phthalic acid was also
obtained. On several occasions, a small amount of the starting
material was recovered along with phthalic acid. However, the
unpyrolyzed ester could be separated easily from the phthalic
acid with hot chloroform, which dissolved only the first com
ponent. The yields based on the amount of phthalic acid recovered
were near quantitative. The pyrolysis prooedure described above
proved quite satisfactory for the decomposition of small (10 g.)
or larger (50 g.) runs without any appreciable difference in
product yields. For the smaller sample runs, a heating period of
twenty minutes proved adequate while a thirty minute heating
period was employed for the larger sample runs.
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Analytical Determination
Melting points were taken on the Fisher-Johns melting
point apparatus and are uncorrected. All microanalyses were done
by the Schwarzkopf Microanalytical Laboratory, 56-19 37th Avenue,
Woodside, New York, U.S.A. Neutralization equivalents on all
hydrogen phthalate esters were obtained according to the following
procedures To a small sample (0.5-0.4 g . ) of the acid phthalate
ester in a JOO ml. Erlenmeyer flask, 25 ml. of methanol and 25 ml.
of distilled water added separately. The acid solution was titrated
with standardized sodium hydroxide (0.1-0.2 N), using phenophthalein as an indicator. A blank solution was required for correction.

Vapour Phase Chromatograph Procedure
Vapour phase chromatography was used to resolve quan
titatively the components in an unknown olefinic mixture. The
retention time of each component was compared with an authentic
sample, while the infrared spectrum was used to confirm its
structure. Peak areas were calculated by triangulation method.

2

The instrument and column used in each case is indicated in the
individual experimental procedures described later.

2 A. I. M. Keulemans, in Gas Chromatography, (New York,
1957), P. 32.
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tert-Amyl Hydrogen Phthalate*- Tertiary amyl alcohol (17*6 g.0.20 mole) was placed in a two-litre, three-necked, round-bottomed
flask which was fitted with a condenser (calcium chloride dryingtube attached), and a mechanical stirrer. An ethereal solution
of triphenylmethylsodium (approx. 0.2 N) was then forced rapidly
into the remaining neck by nitrogen pressure while the reaction
mixture was stirred. The addition of the base was continued until
a slight red colour persisted. This indicated complete removal
of the hydrogen proton from the alcohol. Powdered phthalic
anhydride (50.0 g»- 0.2 mole) was then added in one portion, the
neck was stoppered and the reaction mixture was stirred at room
temperature for a period of twenty hours. Water (200 ml.) was
added in one portion to the reaction mixture, which was then
stirred vigorously for thirty minutes. The water layer was sepa
rated and poured on a mixture of chipped ice and hydrochloric
acid. The precipitated hydrogen phthalate ester was recovered by
suction filtration and dried ^n vacuo. Recrystallization from a
chloroform-petroleum ether (b.p. 50-60°) solvent pair yielded
pure hydrogen-2-methyl-butyl-2-phthalate, m.p. 62-65°. The
average yield of three runs was 78$.
Anal. Calcd. for C ^ H ^ O ^ i

C, 66.08} H, 6.85} neut.

equiv., 256.26. Pound: C, 65.81} H, 6.5 6 } neut. equiv.,

. .

230 16

Pyrolysis of tert-Amyl Hydrogen phthalate.- tert-Amyl hydrogen
phthalate (14*0 g.- 0.06 mole) was added to a flask (100-ml.)
which was outfitted according to the general procedure previously
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described. The flask was heated at 150° for fifteen minutes
during which time decomposition proceeded smoothly and the ole
finic mixture distilled over at 37-58°. A solid residue (10.7 8 •)
which proved to be phthalic acid (m.p. 218-220° dec.) remained in
the reaction flask.

Analysis of the Liquid Mixture.- After setting the perkin-Elmer
vapour fractometer Model 154 at 26°, helium pressure 10 pounds,
a sample of 10/Al. of the crude liquid mixture was injected into
the "A" column (Diisodecyl phthalate). Two distinct peaks appeared
on the chromatogram. The retention times for the first and second
peaks were 10 min. 20 sec. and 13 min. 20 sec., respectively,
corresponding identically with those obtained from authentic
samples of 2-methyl-1-butene and 2-methyl-2-butene. Calculation
(triangulation method) showed that the liquid mixture contained
47$ 2-methyl-1-butene and 55$ 2-methyl-2-butene. The infrared
spectrum of the crude liquid mixture was identical with that of an
equal mixture of 2-methyl-1-butene and 2-methyl-2-butene.

Analysis of the Solid Residue.- The solid residue (10.7 8 *) was
dissolved in 30 ml. of chloroform. On warming, a small amount of
the solid residue dissolved in chloroform. The mixture was sub
jected to suction filtration and the undissolved portion was found
to weigh 7.1 g. This solid, on recrystallization from hot water,
had the same composition as phthalic acid by elemental analysis.
Anal. Calcd. for CgHgO^s C, 57*83; H, 3.64.
Pounds C, 58.10; H, 5*67.
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To the filtrate from the mixture, petroleum ether (50-60°) was
added until precipitation occured. This precipitate was brown in
colour and weiged 1.4 g« Itecrystallization from a chloroformpetroleum ether (30-60°) solvent pair yielded a white crystalline
solid, m.p. 61-62°. This was proved to be tert-amyl hydrogen
phthalate (mixture melting point 62-63°). Two additional pyrolyses
were made and the results obtained are shown in Table VII•

Table VII
Pyrolysis of Hydrogen phthalate of tert-Amyl Alcohol

Sample Size
g.

Contact Time
min.

Yield
1*

Temp.
°C

1-Olefin

2-0lefin

1°

o
i

10

20

70

140-150

46

54

10

20

75

140-150

47

55

14

20

55

140-150

47

55

1-Methylcyclopentanol.- Redistilled cyclopentanone (84.O g.1.0 mole) was added dropwise to an ethereal solution of methyl
magnesium iodide which was prepared from magnesium (36.0 g.1,5 mole) and methyl iodide (212.4 g.- 1.5 mole) according to the
procedure of Bailey and Hale.

The reaction mixture was allowed

to stir overnight at room temperature after which it was cooled
by means of an ice bath. A saturated solution of ammonium chloride
(200 ml.) was added slowly in order to decompose the Grignard

3 W. J. Bailey and W. F. Hale, J. Am. Chem. Soc., 81, 651
(1959).
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c o m p le x .

After the salts had coagulated, the ether s o l u t i o n was

decanted and concentrated to a volumn of approximately 400 ml. by
means of a water aspirator. This concentrate was dried successive
ly over anhydrous magnesium sulfate and potassium carbonate before
further concentration to a volume of about 100 ml. Fractional Dis
tillation of the solution through a 14-inch Vigreux column pro
duced 57*4 g. (57°/°) of 1-methylcyclopentanol, b.p. 50-51° (18 mm.),
m .p .

36-57° (reported^ b.p. 43° (9 mm.), m.p. 36-37°)*

1 -M e th y lo y c lo p e n ty l
o u tlin e d
c ru d e

y ie ld

p h th a la te
ta n o l,
m o le )

fo r

th e
of

p r e p a r a tio n

98fo ( 55*5

w as o b t a in e d

p h th a lic

te r tia r y

of

1- m

22.7

g*

g«)

fro m

c ru d e

a n h y d r id e .
p ro d u c t,

c h lo r o fo r m -p e tr o le u m

(85$) o f a s l i g h t l y
a n a ly s is ,
to

of

tr ip h e n y lr a e th y ls o d iu m

y e llo w is h

it

H y d ro g e n p h t h a l a t e . -

be

c o n s is te n t

m .p .
(

(

5 0 -5 3 °.

30- 60° )

0.23

th e

m o le )

p ro c e d u re

p h th a la te ,

1- m

to

e th y lc y c lo p e n 

p a ir

m .p .

1- m

gave

6 8 -6 9 °.

and in f r a r e d

s tru c tu re ,

(o .2 5

d e c o lo u r iz e

R e c r y s ta lliz a tio n

s o lv e n t

a

h y d ro g e n

0.1 N ) a n d 3 7 * 5 g *

m a te r ia l,

e q u iv a le n t

th e

e th y lo y c lo p e n ty l

(a p p ro x .

y e llo w is h

w ith

h y d ro g e n

C a rb o n w as u s e d

e th e r

n e u tr a liz a tio n

F o llo w in g

th e
fro m

4 8 .5

a

g»

E le m e n ta l

a n a ly s is

show ed

e th y lo y c lo p e n ty l

h y d ro g e n p h t h a la t e .

Anal. Calcd. for C ^ H ^ O ^ :

C, 67*735 H» 6.50; neut.

equiv., 248.27. Founds C, 68.03; H, 6.62; neut. equiv.,
248.77.

4 W» J. Bailey and W. F. Hale, J. Am. Chem. Soc., 8 1 , 651
(1959).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

55
Pyrolysis of 1-Methyloyclopentyl Hydrogen phthalate.- Decom
position of 10.0 g. (0.05 mole)

1-methyloyclopentyl hydrogen

phthalate was carried out with a 100-ml. flask in an oil bath at
150°. The pyrolysis was completed at the end of 20 minutes. The
olefinic mixture was obtained as a colourless liquid in the re
ceiving flask which was immersed in a mixture of Dry Ice and
acetone. A crude yield of 67$

1.4311) was obtained. A solid

residue (7*0 g.) remained in the reaction flask.

Analysis of the Pyrolysate.- A sample of the above pyrolysate
(0.5 /U*) was separated on the Golay "R" column (175 ft.) of the
Perkin-Elmer Model 800 at 3 0 ° with a hydrogen flow rate of 5 c.c.
per minute. On the chromatogram two major peaks appeared at 3*5
and 5.2 minutes. A synthetic mixture of 1-methylcyclopentene (97$)
and methylenecyclopentane (3$) had the same retention times while
pure 1-methylcyclopentene showed only one peak at 3*5 min. under
identical conditions. Further calculations indicated that 97$
1-methylcyclopentene and 3$ methylenecyclopentane were present in
the pyrolysate. The above evidence was supported by an infrared
spectrum, which was identical with that of the synthetic mixture
of 1-methylcyclopentene (97$) an(i methylenecyclopentane (3$).

1-Methylcyclopentene and Methylenecyclopentane Mixture and Pure
1-Methylcyclopentene.- Dehydration of 1-methylcyclopentanol was

carried out smoothly by means of a few crystals of iodine

5

5 W. J. Bailey and W. F. Hale, J. Am. Chem. Soc., 8 1 , 651
(1959).
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according to the procedure of Bailey and Hale. On crude dis
tillation a mixture of water and olefins was collected. The ole
finic layer (14.0 g.) was separated and dried over sodium car
bonate. The liquid was decanted and subjected to fractional diso

25

tillation. The fraction, boiling at 75-76 , n^

1.4506, was found

to contain 97$ 1-methylcyclopentene and 3$ methylenecyclopentane
by vapour phase chromatographic analysis (Golay "H" column at
30°). After this olefinic mixture was boiled with a trace of ptoluenesulfonic acid for one hour, it was dried over sodium sul
fate and distilled, b.p. 74-75° (746 mm.), n ^
b.p. 74-74*2

o

1.4284 (reported^

25
(754 mm.), n^
1.4281). The gas chromatogram

(Golay "R" column at 30°) of the product gave a single peak and
the infrared spectrum showed no significant absorption in the
region of 11.3/1 (no ^CHg)* Similar results were obtained from
treatment with p-toluenesulfonic acid on the pyrolysate from py
rolysis of 1-methyloyclopentyl hydrogen phthalate.

Analysis of the Solid Residue.- The solid residue (7*0 g * ) re
maining in the reaction flask was grey in colour. It was trans
ferred into 20 ml. of hot chloroform in a 100-ml. Erlenmeyer
flask. Only 0.3 g* of the solid dissolved in the chloroform
solution. After the undissloved portion was dried in a vacuum
desiccator and recrystallized from hot water, it melted at 215218° and had the same composition as phthalic acid by elemental
Analysis.

6 W. J. Bailey and W. F. Hale, J. Am. Chem. Soc., 81, 651
(1 9 5 9 )*
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Anal. Calcd. for CgHgO^: C, 57*8?5 H, 3.64.
Pound: C, 58«04» H, 5•74-

1-Methylcyclohexanol.- An ethereal solution of methyl magnesium
iodide was prepared from 36.6 g. (1.5 mole) of magnesium turnings,
227 £>• (1.6 mole) of methyl iodide and 600 ml. of anhydrous ether.
A solution of cyclohexanone (118.0 g.- 1.2 mole in 200 ml. of
anhydrous ether) was added dropwise with stirring to the prepared
Grignard reagent. Hydrolysis of the magnesium salt with saturated
ammonium chloride yielded 75»2 g. (55$) of 1-methylcyclohexanol,
b.p. 66-68° (24 mm.), njp 1.4586 (reported^ b.p. 66-68° (25 mm.),
n £ 5 1.4590).

1-Methylcyclohexyl Hydrogen Phthalate.- By the usual procedure,
22.4 g. (85$) of pure 1-methylcyclohexyl hydrogen phthalate was
prepared from 11.7 g. (0.1 mole) 1-methylcyclohexanol, 500 ml.
triphenylmethylsodium (0.2 N) and 18.0 g. (0.12 mole) phthalic
anhydride. This ester melted at 89-91° and was slightly yellow in
colour.
A n a l.

C a lc d .

fo r

262.29. P ounds

C,

C^HQ0 ^ :

C,

68.31 5 H ,

68.68; H» 6.92; n e u t .

6.885

n e u t.

e q u iv .,

e q u iv .,

260.69.

Pyrolysis of 1-Methylcyclohexyl Hydrogen phthalate.- Pyrolysis
of 10.0 g. (0.04 mole) 1-methylcyclohexyl hydrogen phthalate was

7 W. J . Bailey and W. P. Hale, J. Am. Chem. Soc., 81, 647
(1959).
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carried, out in a 100-ml. flask#The temperature was maintained
between 150-1600 throughout the course of decomposition. At the
end of twenty minutes, the pressure was reduced to 85 mm. in
order to enhance the yield of olefinic products. The pyrolysate,
25
n^ 1 .4485, was found to contain 88$ 1-methylcyclohexene and 12$
methylenecyclohexane by vapour phase chromatography (6 ft.- diisodecyl phthalate column of Perkin-Elmer Model 154 at 72°).
Retention times for the first and second components were 50 min.
and 57 min., respectively. The proportion of endo isomer increased
to 98$ after boiling the pyrolysate (3 g.) with p-toluenesulfonic
acid (o.1 g . ) at 115° for 30 minutes.
The by-product in the reaction flask was a solid
(7.1 g . ), and had a crude melting point of greater than 170°.
After treatment with hot chloroform and recrystallization from hot
water, the compound melted at 212-214° and was shown by elemental
analysis to be phthalic acid.
Anal. Calcd. for CgHgCy

C, 57.83; H, 3 .64.

Pound: C, 57*70; H, 3 .8 4 .

1-Methylcyclohexene-Methylenecyolohexane Mixture.- 1-Methylcyclohexanol (4.6 g . ) was boiled with a few crystals of iodine at 120°
for one hour. The fraction, boiling between 80-90°, was collected
and dried with anhydrous sodium sulfate. Redistillation gave 2 g.
of a colourless liquid mixture, b.p. 107-108

o

25
(748 mm.), n^ 1,4484*

The chromatogram (Diisodecyl phthalate at 72°) indicated 98$
1-methylcyclohexene (retention time 49 min.) and 2$ methylene
cyclohexane (retention time 36 min.). infrared spectra supported
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the structure of the above compounds.

1-Methylcycloheptanol.- In a 2-liter, three-necked flask, fitted
with a condenser, a dropping funnel and a mechanical stirrer,
were placed 24*5 g»

(1*0 mole) of magnesium turnings, 10.0 g. of

methyl iodide and 200 ml. of anhydrous ether. At a rate sufficient
to maintain reflux, a solution of 146.2 g. (1.1 mole) of methyl
iodide and 300 ml. of anhydrous ether was added dropwise. After
the addition, the reaction mixture was stirred for an additional
three hours at room temperature, and then cooled by means of an
ice bath. To the cooled mixture, freshly distilled cycloheptanone
(107 g.- 0.95 mole) in 200 ml. of anhydrous ether was added over
a 90 minute period. The reaction mixture was allowed to stir
overnight at room temperature. After the reaction mixture was
cooled by means of an ice bath, a saturated solution of ammonium
chloride (150 ml.) was added slowly in order to decompose the
Grignard complex. The ethereal layer (approx. 600 ml.) was dried
over anhydrous potassium carbonate before it was evaporated to
a volume of about 100 ml. by means of a water aspirator. Pure
1-methylcycloheptanol (78.3
b.p. 82-83° (19 mm.), n ^

72$) was obtained on distillation,

1.4697 (reported8 b.p. 45.0-45.2 (2.0-

2.1 mm.), njp 1 .4693).

1-Methylcycloheptyl Hydrogen Phthalate.- By the usual method,

8 W. J. Bailey and W. P. Hale, J. Am. Chem. Soc., 81_, 651
(1959).
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1-methylcycloheptyl hydrogen phthalate (51*0 g«- 92$) was pre
pared from 1-methylcycloheptanol (25*7 £•- 0.2 mole), triphenylmethylsodium (approx. 0.2 N) and powdered phthalic anhydride
(30.0 g.- 0.2 mole). Recrystallization from a chloroform-petroleum
ether (30-60°) solvent pair yielded pure 1-methylcycloheptyl hy
drogen phthalate, m.p. 90-91°«
Anal. Calcd. for C ^ H ^ O ^ :

C, 69.54? H, 7*50? neut.

equiv., 276.3. Foundi C, 69.80? H, 7*56? neut. equiv.,
276.5.

Pyrolysis of 1-Methylcycloheptyl Hydrogen phthalate.- Decompo
sition of 1-methylcycloheptyl hydrogen phthalate (10.0 g.- 0.04
mole) was conducted at a temperature between 135~140° at 100 mm.
for a period of 12 minutes. A colourless mixture of the olefinic
product (2.1 g.- 55$) distilled over at 69-70° (100 mm.). This
mixture (njp 1.4576) was found to contain 72$ 1-methylcycloheptene
and 28$ methylenecycloheptane by vapour phase chromatographic
analysis (Golay "R" column at 42°). A solid residue (6.7 g . ) re
mained in the reaction flask. This solid residue melted higher
than 203°, and was found by elemental analysis to be phthalic
acid.
Anal. Calcd. f o r C q H ^ :

C, 5 7 .8 3 ?

H,

3 .6 4 .

Found* C, 57*89? H, 3.94*

1-Methylcycloheptene and Methylenecycloheptane.- Dehydration of
1-methylcycloheptanol (10.6 g.- 0.08 mole) was catalyzed by means
of a few crystals of iodine according to the procedure of Bailey

UNIVERSITY 6F WNSS0R
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and Hale.

9

The mixture of water and olefins was dried over anhy

drous sodium sulfate and was redistilled at 155-156°. This mix0s
ture (njj 1*4575) was shown to contain 8670 1-methylcycloheptene

and 14$ methylenecycloheptane by vapour phase chromatographic
analysis (Golay "R" column at 42°).

Vapour Phase Chromatographic Analysis of the 1-Methylcycloheptene
and Methylenecycloheptane Mixture.- With the Golay "RM column
(Perkin-Elmer Model 800), at 45° and with a hydrogen flow rate
of 5 c.c. per minute, an authentic sample of 1-methylcycloheptene
(0.5 /ll») had a retention time 8 minutes and 25 seconds. Under the
same conditions, retention times for the pyrolysate mixture from
1-methylcycloheptyl; hydrogen phthalate were 8 min. 50 sec. and
8 min. 47 sec., respectively, whereas a synthetic mixture of
1-methylcycloheptene (86%) and methylenecycloheptane (14%) had
the same retention times. The infrared spectrum of the pyrolysate
mixture was identical with that of the synthetic mixture of
1-methylcycloheptene (86%) and methylenecycloheptane (14%)*

trans-1,2-Dimeth.ylcyclohexanol.- A solution of methyl magnesium
iodide was prepared from magnesium turnings (27.6 g.- 1.1 mole),
methyl iodide (17.0 g.- 1.2 mole) and 500 ml. anhydrous ether.
By reacting the cooled Grignard reagent with 2-methyleyelohexanone
(100 g.- 0.9 mole), a mixtureof ois- and trans-1,2-dimethylcyclohexanol was obtained, b.p. 64-65° (16 mm.). Fractional distillation

9 W. J. Bailey and W. F. Hale, J. Am. Chem. Soc., 8 1 , 651
(1959)*
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afforded pure jrana-1,2-dimethylcyclohexanol, b.p. 89-90° (54 mm.),
1.4590 (reported10 b.p. 86.8 (52 mm.),

1.4588).

trans-1,2-Dimethylcyclohexyl Hydrogen phthalate.- trans-1,2-dimethylcyclohexyl hydrogen phthalate was prepared in a good yield
(90$) by the procedure which has been described previously. A
chioroform-petroleum ether (50-60°) solvent pair was used for
recrystallization of this compound. Elemental analysis, neutrali
zation equivalent and infrared spectrum showed that this compound
was trans-1,2-dimethylcyclohexyl hydrogen phthalate, m.p. 124125°.
Anal. Calcd. for C ^ ^ q O ^ :

C, 69.54 5 H, 7*50} neut.

equiv., 276.5* Pounds C, 69*40} H, 7«43> neut. equiv.,
279*6.

Pyrolysis of trans-1,2-Dimethylcyclohexyl Kydrogen phthalate.Decomposition of trans-1,2-dimethylcyclohexyl hydrogen phthalate
(10.0 g.- 0.04 mole) at 140-150° (24 mm.) gave an olefinic mix
ture (53/®)» which was found to contain 55$ methylene-2-methylcyclohexane, 46$ 2,5-dimethylcyclohexene and 19$ 1,2-dimethyl
cyclohexene by vapour phase chromatographic analysis (6 ft.- diisodecyl phthalate column of Perkin-Elmer Model 154 at 100°). The
retention times were 26 minutes, 50 minutes and 55 minutes, re
spectively, for methylene-2-methylcyclohexane, 2,5-dimethylcyclo
hexene and 1,2-dimethylcyclohexene. The solid residue (7*1 g*)»

10 T. D. Nevitt and 0. S. Hammond, J. Am. C h e m . Soc., 7 6 ,
4124 (1954)*
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which remained in the reaction flask, was washed with hot chloro
form (20 ml.). Recrystallization from hot water yielded a white
crystalline compound (4 g.)» which had a melting point higher
than 190°. This compound was identified as phthalic acid by ele
mental analysis.
Anal. Calcd. for

C, 57.83; H, 3 .64.

Pounds C, 57.97? H, 3*52.
When petroleum ether (b.p. 30-60°) was added to the above chloro
form washing, some solid precipitated from the solution and more
precipitate was obtained on standing for several hours. This solid
precipitate had a m.p. 124-125° (mixture melting point 125-126°),
and was identified as trans-1,2-dimethylcyclohexyl hydrogen phtha
late by elemental analysis.
Anal. Calcd. for C^^HgQO^s C, 69*54; H, 7*3®.
Pounds C, 69.33; H, 7*28.

Attempted Isomerization of Pyrolysate with phthalic A cid.- A
control experiment was carried out with a small sample of the
pyrolysate, which contained 35$ methylene-2-methylcyclohexane,
46$ 2,3-dimethylcyclohexene and 19$ 1,2-dimethylcyclohexene. When
a mixture of the above pyrolysate (1.5 g.) and- phthalic acid
(7*5 g * ) w a s heated from 150° to 180° at a pressure of 24 mm. in
a period of 20 minutes, a colourless liquid (1.0 g . ) was collected
slowly from the receiving flask. Vapour phase chromatographic
analysis (6 ft.- diisodecyl phthalate at 100°) showed that this
liquid had the same olefinic distribution as the original pyro
lysate, i.e., 35$ methylene-2-methylcyclohexane, 46$ 2,3-dimethyl
cyclohexene and 19$ 1,2-dimethylcyclohexene.
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Synthetic Mixture of 1 ,2-Dimethylcyclohexene, 2,3-Dimethylcyclohexene and Methylene-2-methylc.yclohexane.- Following the procedure
of Cardew and Burwell,

11

dehydration of trana-1 ,2-dimethylc.yclo-

hexanol (6.0 g.) was carried out in the presence of a few crystals
of iodine. An olefinic mixture (3.0 g.), which boiled at 134-136°,
was shown to contain 70$ 1,2-dimethylcyclohexene, 27$ 2,3-d.imethyl
cyclohexene and 3$ methylene-2-methylc,yclohexane by vapour phase
chromatographic analysis (6 ft.- diisodecyl phthalate at 100°).

2-Methyl-1-phenylcyolohexanol.- A solution of phenyl magnesium
bromide was prepared from magnesium turnings (24 g»- 1.0 mole),
bromobenzene (173 g»“ 1*1 mole) and 600 ml. anhydrous ether. When
2-methylcyclohexanone (100 g.- 0.9 mole) was reacted with the
Grignard reagent, 2-methyl-1-phenylcyolohexanol (114•3 g*“ 68$)
was obtained, b.p. 110-112° (2 mm.), n ^

1.5359 (reported^

b.p. 105-106° (1 mm.), njp 1.5359* reported1^ b.p. 105-108°
9C\
(2 mm.), nD 1.5366).
The above synthesis of 2-methyl-1-phenylcyolohexanol
was repeated with the same molar quantities, and the crude al
cohol was subjected to fractional distillation. The first

11 M. Cardew and R. L. Burwell Jr., J. Am. Chem. Soc., 82,
6289 (1960).
12 R. B. Carlin and H. P. Landerl, J. Am. Chem. Soc., 75*
5969 (1953).
13 N. G. Sidorova and S. D. Nikonovich,

1921

Zh. Q b s h c h . K h i m . 30*

( 1960).
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fraction was collected at 103-104
second fraction at 104-106
this alcohol

0

o

2S
(2 mm.), n^ 1.5577 and the
2S

(2 mm.), n ^

1.5382. It was found that

14 ’15 was contaminated with a trace of olefins. 16

2 -Met hy1-1-phe ny1cyc10 he xy1 Hydrogen phthalate.- By the method
previously described, a good yield (92$) of 2-methyl-1-phenylcyclohexyl hydrogen phthalate was prepared from 2-methyl-1-phenylcyclohexanol (20.5

0.11 mole), triphenylmethylsodium (approx.

0.2 N) and powdered phthalic anhydride (17*5 g.- 0.12 mole). This
compound was best recrystallized from methanol, m.p. 140-143°
(transformed from a transparent crystal to a solid, not a sharp
melting point). Elemental analysis, neutralization equivalent and
infrared spectrum indicated this compound to be 2-methyl-1-phenylcyclohexyl hydrogen phthalate.
Anal. Calcd. for C2-)H2204 : C ’ 74•535 H> 6.55; neut.
equiv., 338.4* Pound* C, 74*54; H, 6.52; neut. equiv.,
339.0.

Dehydration of 2-Methyl-1-phenylcyolohexanol.- 2-Methy1-1-phenylcyclohexanol (20 g.- 0.1 mole) was dissolved in 150 ml. of 2.5$
sulfuric acid-acetic acid (by volume) and left for 30 min. at room
temperature. By that time the alkene had partially separated as a

14 Carbinol of unknown configuration.
15 E. W. Garbisch, Jr., J. Q r g . Chem., 27, 4243 (1962).
16 N. G. Sidorova and S. D. Nikonovich, Zh. Qbshch. Khim. 30*
1921

( 1960 ).
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second oily phase. The mixture was stirred for an additional
minute and poured into
(150 ml.). The

a mixture of pentane (200 ml.) and

water

pentane layer was washed twice with 50 ml.

of 5$

sodium carbonate solution, twice with 50 ml. of water, and then
treated with 10 g. of silica gel. The mixture was filtered and
the pentane evaporated under reduced pressure. Distillation
afforded a mixture (14*5

80$ ) ^

^

of 2-methyl-1-phenylcyclo-

hexene (18$) and 6-methyl-1-phenylcyclohexene (82$) by vapour
phase chromatographic analysis, b.p. 80-81

25
(1 mm.), n^
1 ,5449.

The above analysis was carried out on a Silicone Rubber column
(2 ft.) of the

P. & M. Model 720 at 120° with a helium flow rate

of 60 c.c. per minute.

17 E.

W. Garbisch, Jr., J. Org. Chem.,27, 4245 (1962).

18 E.

W. Garbisch, Jr., J. Org. Chem.,26, 4156 (1961).

19 R.

B. Carlin and D. A. Constantine, J. Am. Chem. Soc., 69,

50 (1947).
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